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(54) Structural roofing system and method of using the same
(57) It is disclosed a structural roofing system (1) for
covering an underneath area (50) comprising at least one
foundation (3) to transmit the loads of said structural roof-
ing system to the ground (4), at least one tension element
(5) extending between at least two points (30, 31) of said
at least one foundation (3), at least one pneumatic ele-
ment (10) supported by said at least one tension element
(5) with at least one portion of said pneumatic element
lying on said at least one tension element (5), and at least
one covering layer (2) having at least a portion located
above said at least one pneumatic element (10) and sup-
ported by said at least one pneumatic element (10),
wherein said at least one pneumatic element (10) keeps
at distance at least part of said covering layer (2) from
said at least one tension element (5), when said at least
one pneumatic element is at least partially inflated. A
method for the construction of roofing arrangement by
the structural roofing system (1) is also disclosed.
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Description
FIELD OF THE INVENTION
[0001] The present invention relates to a structural sys-
tem used for covering an underneath area, and more
specifically, for the covering of various types of structures
or surfaces.
[0002] It has to be noted that the structural roofing sys-
tem according to the present invention can be used for
the creation of roofing arrangements applied to several
typologies of underlying areas and, more specifically, for
several typologies of structures used for shelter of people
and/or things. This expression is used to indicate that the
structural roofing system according to the invention can
be used for the covering of structures designated for sev-
eral uses in the civil and industrial applications which can
be employed not only for the shelter of people but also
for the protection, the storage, the conservation, etc. of
things, such as materials, tools, personal property, liq-
uids, etc.
[0003] In detail, the Applicant designed a roofing sys-
tem according to the invention for the covering of struc-
tures in the agricultural field and, more specifically, for
the covering of basins for liquids. In detail, the structure
can be employed in the field of the production of energy
through biomasses obtained from agricultural processes
and breeding farms and used for the covering of basins
for organic liquids coming from wastes, vegetables,
zootechnical liquids, agricultural wastes but also com-
post produced by digesters for the production of biogas
etc. Clearly, this application is provided only as an ex-
ample and is not limitative, on the contrary, as explained
above, the roofing system according to the present in-
vention can be employed for the covering of several struc-
tures or areas.
[0004] Today there is an increase in the need of struc-
tural roofing systems for several typologies of structures
or areas where the use of traditional building systems for
covers based on reinforced concrete and steel, such as
beams, trusses and slabs, are too onerous or even not
feasible.
[0005] Structural systems based on pneumatic ele-
ments are known.
[0006] The document US4262457 discloses a struc-
tural system self-equilibrated and based on a toroidal
pneumatic element connected, and thus constrained, by
a set of cables and with an upper membrane and a lower
membrane. Through this configuration it is possible to
obtain an inner void between the two membranes, which
can be used for housing the equipment for the production
of energy through solar radiation.
[0007] However, the need of a toroidal pneumatic el-
ement connected to an upper membrane and a lower
membrane in order to obtain the inner void for services,
is a considerable limit for the adaptability of the structure
disclosed in US4262457.
[0008] Another pneumatic structural system is de-
scribed in the document FR1426838. A covering is con-
nected to four supporting arches based on pneumatic
elements lying directly on the ground. The arches are
equipped with a cable which is not able to support from
below and keep in a suspended position the pneumatic
element.
[0009] In addition, the pneumatic elements do not lie
on the cable.
[0010] In addition, the direct support of the pneumatic
arches on the ground and the absence of foundations
reduce the efficacious transmission of the forces to the
ground and limits considerably the use of the structure
described in FR1426838.
[0011] Moreover, it is also known the use of flexible
covering layers, such as cloths installed above the re-
quired area.
[0012] However, this solution requires that the flexible
covering layer, and more specifically the cloth, should be
carefully connected and tensioned in such a way that it
does not occupy the area underneath and that it does
not allow the ponding of rainwater on the upper surface
of the cloth, leading to its downward deformation.
[0013] Clearly, with the increase in the size of the area
which needs to be covered, the use of flexible covering
layers, and more specifically of covering cloths, becomes
increasingly difficult and less efficient in terms of protec-
tion of the structures underneath and in terms of risk of
ponding of rainwater.
[0014] This is due to the fact that large cloths are dif-
ficult to tension and keep tensioned with the consequent
deflection of the central portion of the structure when an
adequate support is missing.
[0015] At the same time, it is particularly costly to pro-
vide a support for the covering layer which requires the
construction of a supporting structure realised, for exam-
ple, by using steel beams or similar solutions which, es-
pecially for large spans, involve high manufacturing
costs. This aspect becomes more evident when the vol-
ume to be covered is exposed to a very corrosive envi-
ronment, which requires adequate materials character-
ised by an high resistance to corrosion.
[0016] An object of the present invention is to over-
come the drawbacks briefly discussed above and to pro-
vide a structural roofing system which can be used for
several structures and areas and which is economical to
be manufactured, rapid to be assembled and, at the same
time, resistant and durable over time.
[0017] It is also an object of the present invention to
provide a structural roofing system which guarantee the
correct layout and shape of the covering layer, especially
when based on flexible materials, in order to provide the
adequate resistance to the environmental loads (wind,
water and snow loads) and avoid the accumulation of
water, snow or any other material over the covering layer
and the consequent downwards deflection which leads
to the occupation of the volume underneath. These and
other aims are achieved through the structural roofing
system according to claim 1 and the method for the con-
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struction of roofing arrangements according to claim 13.
Additional features and aspects of the system and the
method are recited in the respective dependent claims.
The structural roofing system for covering an underneath
area, according to the present invention, comprises at
least one foundation to transmit the loads of said struc-
tural roofing system to the ground, at least one tension
element, i.e. an element that, if loaded, works under ten-
sion, extending between at least two points of said at
least one foundation, at least one pneumatic element
supported by said at least one tension element, and at
least one covering layer having at least a portion located
above said at least one pneumatic element. More in de-
tail, the at least one pneumatic element keeps at distance
at least part of said covering layer from said at least one
tension element, when said at least one pneumatic ele-
ment is at least partially inflated.
[0018] In other words, at least part of the covering layer
is separated from the at least one tension element by
means of the pneumatic element when the latter is at
least partially inflated. Advantageously, the pneumatic
element allows the control of the distance between the
covering layer, placed at least in part above the pneu-
matic element, and the tension element, which is sus-
pended above the ground due to the connection with at
least two points of at least one foundation.
[0019] According to an aspect of the invention, the ten-
sion element supports at least one pneumatic element
in such a way that at least one portion of said pneumatic
element lies on said at least one tension element. In this
way, the assembly of the roofing system according to the
invention is extremely easy, in fact, the process only re-
quires that the pneumatic element is placed above the
at least one tension element which allows to support the
at least one pneumatic element in a stable and safe way.
According to an aspect of the present invention, the ten-
sion element is constrained to at least two points of at
least one foundation in such a way that it is suspended
above the ground and/or above the area underneath cov-
ered by the structural system.
[0020] In addition, as said above, the pneumatic ele-
ment lies on the at least one tension element, and the
pneumatic element and the covering layer are thus at a
distance from the ground and/or from the area under-
neath the structural system. Thus, the pneumatic ele-
ment is supported by the tension element at certain dis-
tance from the ground and/or the area underneath, pref-
erably in its entirety (i.e. completely).
[0021] According to an aspect of the present invention,
the pneumatic element is provided with an elongated
shape in the direction of extension of said at least one
tension element between said at least two points of said
at least one foundation. In other words, the pneumatic
element has a linear shape which results in a structural
element having substantially the shape of a beam. Ac-
cording to an aspect of the present invention, the pneu-
matic element has a longitudinal axis extending substan-
tially parallel to the direction of extension of the tension
element. In more detail, according to an aspect of the
present invention, the pneumatic element has a longitu-
dinal axis extending substantially parallel to the straight
line which connects the at least two point of the founda-
tion between which the tension element spans (extends).
In other words, according to an aspect of the present
invention, the pneumatic element has a rectilinear longi-
tudinal axis.
[0022] According to an aspect of the present invention,
the pneumatic element has a circular cross section. Ac-
cording to another aspect of the present invention, the
pneumatic element is characterised by a substantial cy-
lindrical shape, which can be tapered at the extremities.
[0023] In more detail, the elongated shape of the pneu-
matic element, preferably with a rectilinear longitudinal
axis, allows the creation of a structural element with the
shape of a beam which confers to the structural roofing
system a high level of adaptability and flexibility during
the use. In addition, the elongated shape of the pneu-
matic element allows, through its inflation, the efficacious
tensioning of the tension element and of the covering
layer arranged above.
[0024] On the contrary, in the structural systems de-
scribed in the documents US4262457 and FR1426838,
the inflation of the pneumatic element does not allow the
tensioning of the cables and the tensioning of the cover-
ing membrane.
[0025] In addition, in contrast to the structural systems
described in the documents US4262457 and
FR1426838, the at least one tension element, the pneu-
matic element and the covering layer are, according to
the invention, different and separated components of the
structural roofing system. In fact, the tension element
supports the pneumatic element, which lies on the ten-
sion element, and supports the covering layer placed
above the pneumatic element.
[0026] In addition, the presence of the pneumatic ele-
ment, preferably provided with an elongated shape, al-
lows the inversion of the curvature of the covering layer,
preferably when the covering layer is flexible, as com-
pared to the configuration assumed when the covering
layer is merely arranged above the at least one tension
element. Compared with the known installations, where
the flexible covering layer is merely arranged above the
area or the structure to be covered, the solution has the
advantage of avoiding downwards deflections due to the
self-weight and the imposed loads which lead to the ac-
cumulation of water or other materials.
[0027] Advantageously, the pneumatic element allows
to change the shape of the covering layer and creates at
least one part of the covering layer with the concavity
pointed towards the ground. In this way it is possible to
create a simple roofing system which is at the same time
extremely resistant and stable. This result is obtained
through the pneumatic element, arranged between the
tension element and the covering layer supported by said
tension element, which acts as a stabilizer and distributes
the forces which are transmitted from the covering layer
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to the tension element. On the contrary, in the document
US4262457, the toroidal pneumatic element is designed
to provide an inner void and leads to a hemispheric ge-
ometry of the upper membrane characterised by a syn-
clastic curvature.
[0028] Advantageously, the covering layer is separat-
ed from the ground and suspended in such a way that it
does not occupy the area of the structure to be covered.
In more detail, the at least one tension element is ar-
ranged above the structure in such a way that the pneu-
matic element and the covering layer, arranged above
the pneumatic element, do not occupy the area of the
structure underneath.
[0029] According to an aspect of the invention, the ten-
sion element comprises at least one cable or at least on
bar, preferably at least two cables or at least two bars,
extending between at least two point of the at least one
or more foundations. According to another aspect of the
invention, the tension element comprises at least two ca-
bles or at least two bars, extending between at least two
points of at least one or more foundations.
[0030] In addition, it has to be noted that the pneumatic
element arranged between the tension element and the
covering layer allows to keep suspended the covering
layer through the inflation of the body by means of at
least one gas. In addition, according to a particularly ad-
vantageous aspect of the invention, the presence of the
pneumatic element allows to keep at distance the cov-
ering layer from the tension element and by controlling
the inflation of the pneumatic element it is possible to
define the shape of the covering layer which, thus, will
be arranged in the desired way, with an inverted curva-
ture and with a tensioned covering layer, in order to resist
to the external loads.
[0031] According to a preferred embodiment of the in-
vention, the covering layer is manufactured using flexible
materials, such as a cloth, and the volume of the pneu-
matic element can be controlled in order to tension the
covering layer, and thus the cloth, obtaining the roofing
system supported by the pneumatic element and dis-
tanced from the tension element.
[0032] In this way, the at least one pneumatic element
can change, at least in part, the shape of the flexible
covering layer leading to a specific arrangement accord-
ing to the desired shape and, in more detail, allowing the
tensioning of the flexible covering layer.
[0033] Advantageously, for example, the at least one
pneumatic element can be used for roof ridges, e.g. a
raised area on the surface of the structures which allows
the discharge of rainwater avoiding water ponding on the
covering layer. In other words, the pneumatic element
allows to invert the curvature of the flexible covering layer.
[0034] It should be noted that the expression "change,
at least in part, the shape of the flexible covering layer"
is used herein to indicate that the at least one pneumatic
element can be inflated in order to tension the flexible
covering layer in the desired way occupying a variable
volume underneath the covering layer, according to the
level of inflation. The modification of the shape of the
covering layer does not necessarily require the deforma-
tion (strain) of the covering layer but just the tensioning
thereof. The covering layer is preferably anchored to a
fixed point and/or to the ground and the change of the
volume underneath, through the inflation of the pneumat-
ic element, allows the tensioning of the covering layer.
[0035] According to an advantageous aspect of the
present invention, the covering layer is anchored to a
fixed point and/or to the ground through appropriate an-
choring means of the structural roofing system according
to the present invention. The anchoring means of the
covering layer allows the distribution of the forces to the
ground, or in correspondence of the fixed point, for ex-
ample when the covering layer is tensioned through the
inflation of the pneumatic element. In fact, the inflation
of the pneumatic element leads to the tensioning of the
tension element above which the pneumatic element is
arranged and the consequent tensioning of the covering
layer, arranged above it, which distribute the forces
through the anchoring to the ground (or to a fixed point).
[0036] Obviously, according to other possible embod-
iments of the invention, the inflation of the at least one
pneumatic element can lead to the deformation of the
covering layer and thus to a partial elongation thereof.
According to an additional aspect of the present inven-
tion, the structural roofing system comprises tensioning
means to tension the at least one tension element.
[0037] The present invention also relates to the use of
a structural roofing system according to the invention for
the covering of an area of a structure suitable to accom-
modate human beings and/or things. In addition, the
present invention relates to a structure suitable to ac-
commodate human beings and/or things comprising at
least one structural roofing system according to the in-
vention.
[0038] In particular, it has to be noted that the structure
to be covered can extend at least partially above the
ground and/or at least partially below the ground.
[0039] The present invention also relates to a method
for the construction of roofing arrangements, through at
least one structural roofing system according to the in-
vention, comprising the step of providing at least one
foundation to transmit loads of said structural roofing sys-
tem to the ground, the step of constraining at least one
tension element between at least two points of said at
least one foundation and supporting said at least one
pneumatic element by said at least one tension element.
In addition, the method comprises the step of placing
said covering layer with at least a portion thereof above
said at least one pneumatic element and the step of in-
flating said at least one pneumatic element for spacing
said covering layer from said at least one tension ele-
ment.
[0040] The method according to the present invention
allows to obtain a considerable simplification of the proc-
ess of making a covering structure just supporting the
covering layer by means of at least one pneumatic ele-
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ment in turn supported by the at least one tension element
above which at least a portion of the pneumatic element
lies.
[0041] It should be noted that the presence of the pneu-
matic element allows to keep the covering layer, in par-
ticular if made with flexible materials, suspended above
the covered area without any portion of the element
bowed downwards with the consequent limitation of the
volume of the area underneath which as to be covered
and, thus, it is not suitable for the shelter of human beings
and/or things.
[0042] As said, the method is particularly advanta-
geous when the covering layer is made of flexible mate-
rials, for example made by a cloth. The method according
to the present invention allows the efficacious tensioning
of the covering cloth in a rapid and simple way through
the at least one pneumatic element which is inflated with
gas till the covering layer reaches the shape and the level
of tension desired.
[0043] In particular, according to an aspect of the
present invention, the covering layer is anchored to the
ground and/or to a fixed point, allowing the tensioning of
the covering layer due to the inflation of the pneumatic
element supported by the tension element.
[0044] Additional aspects and advantages of the
present invention will result more clear from the descrip-
tion below, which is exemplary and not limitative, with
reference to the attached figures where:
• figure 1 is a perspective view of a possible embodi-
ment of the structural roofing system according to
the present invention comprising three pneumatic el-
ements and designed for covering a basin for liquids;
• figure 2 is a perspective view of one pneumatic ele-
ment supported by at least one tension element and
constrained to at least one foundation according to
a possible embodiment of the structural roofing sys-
tem according to the present invention;
• figure 2a is a perspective view of the at least one
tension element constrained to at least one founda-
tion according to an additional perspective as com-
pared to the perspective view shown in figure 2, in
which the pneumatic element is not represented;
• figure 3 is a lateral view of what shown in figure 2;
• figure 4 is a detailed view of the transversal section
A-A represented in figure 3 of a pneumatic element
supported by two tension elements according to a
possible embodiment of the structural roofing sys-
tem according to the present invention;
• figure 5 is a lateral view of a possible embodiment
of the constraining means of the tension element to
said at least one foundation of the structural roofing
system according to the present invention.
[0045] With reference to the attached figures, a possi-
ble embodiment of the structural roofing system 1 ac-
cording to the present invention will be described.
[0046] As mentioned above, the structural roofing sys-
tem 1 can be employed for covering at least one area
underneath with several possible uses. In particular, the
area covered by the structural roofing system 1 according
to the invention can be part of a structure used to shelter
human beings and employed for several applications
such as workshops, areas for temporary events, etc. In
addition, the structure which can be covered by the struc-
tural roofing system 1 can be used to shelter other things.
Also in this case the structure can be used for several
potential applications such as warehouses for the stor-
age of things. According to a possible embodiment of the
invention, shown in figure 1, the structural roofing system
can be used for covering an area (structure) underneath
employed for the storage of biomasses and, more in de-
tail, for the shelter of a basin 50 extending at least partially
below the ground 4 designed for the storage of sewage.
The roofing system 1 according to the invention is rep-
resented in the perspective view in figure 1 where the
structure of the covered underneath area 50, represented
in a schematic way, is a basin for the storage of sewage.
[0047] The basin 50 is also visible in the lateral view
of figure 3.
[0048] Despite the reference to this specific possible
use, this application should not be assumed as a limita-
tion of the possible uses but only an example and further
applications of the structural roofing systems according
to the invention can be used without departing from the
scope of the present invention.
[0049] The structural roofing system 1, as represented
in the attached figures, comprises at least one foundation
3 to transmit the loads applied to the structural roofing
system 1 to the ground 4, at least one tension element
5 extending between at least two points 30, 31 of said at
least one foundation 3, at least one pneumatic element
10 supported by said at least one tension element 5. As
described in detail below, at least one covering layer 2
having at least a portion located above said at least one
pneumatic element 10 is supported by said at least one
pneumatic element. It should be noted that the covering
layer 2 is shown only in the perspective view shown in
figure 1 only for reasons of representation. In addition,
in figure 1, the covering layer 2 is represented with a
mesh in order to allow the correct visualisation of the
components of the structural roofing system 1 arranged
underneath. Despite this representation, the covering
layer 2 is preferably made of a continuous surface without
openings.
[0050] The term foundation is here used to identify a
building element able to transmit the loads applied to the
structure connected to said foundation and the other
components of the structural roofing system 1, to the
ground 4.
[0051] Obviously, the foundations used in the structur-
al roofing system 1 according to the invention can be
based on different typologies currently in use and can
comprise beams, bond-beams, piles and other anchoring
systems made with reinforced concrete, steel or other
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materials.
[0052] The foundation used can have a different level
of penetration into the ground 4 or can lie on the surface
of the ground and comprise, for example, a block like in
the example represented in the figures attached. In any
case, the at least one foundation of the structural roofing
system 1 are designed in order to support the forces
transmitted by the roofing structures in such a way that
it is completely immovable according to the terminology
applied in the building field. In the attached figures the
foundations 3 are represented in a schematic way as
rigid blocks (plinth) having a substantially triangular
shape which is advantageously used because it provides
an efficacious transmission of the forces to the ground
being at the same time substantially immovable. Obvi-
ously, other shapes of the blocks 3 can be selected with-
out fall outside the scope of the present invention.
[0053] Said blocks can be made with reinforced con-
crete or other materials known in the building industry.
Even though in the attached figures the blocks are ar-
ranged on the ground 4, as said above, according to fur-
ther possible embodiments of the invention the at least
one foundation 3 can extend below the ground 4.
[0054] It has to be noted that the said foundations can
be the same foundations used for the structure 50, or the
area, underneath which has to be covered with the struc-
tural roofing system 1 according to the invention. On the
other hand, the foundations can be just connected or can
be made integral part of the foundations of the structure
which has to be covered with the system 1.
[0055] In particular, according to a preferred embodi-
ment of the invention, the at least on tension element 5
extends between two foundations 3. Having regard to
said at least one tension element 5 of the structural roof-
ing system 1, it is designed to act under tension in re-
sponse to the forces transmitted by the pneumatic ele-
ment 10, arranged above said tension element. In other
words, as described in detail below, the at least on ten-
sion element 5 of the structural roofing system 1 supports
the at least one pneumatic element 10 having at least a
portion lying on said at least one tension element, and
the covering layer 2 arranged above the pneumatic ele-
ment 10. The tension element 5 is tensioned due to the
force transmitted by the pneumatic element 10 and trans-
mits the forces to the at least one foundation 3, the tension
element being constrained to at least two points of said
at least foundation.
[0056] More in detail, the tension element 5 is con-
strained to at least two points 30, 31 of at least one foun-
dation 3 and the tension element is extending between
said two points. Advantageously, the tension element is
constrained between the at least two points 30, 31 of at
least one foundation in such a way that the said tension
element is suspended, or at least lifted, above the ground
4 and, more specifically, above the structure 50 which
has to be covered. In this way, as described in more detail
below, it is possible to support the at least one pneumatic
element 10, which in turn supports the covering layer 2,
in such a way that the said at least one pneumatic element
10 and the covering layer 2 result at a distance from the
ground 4.
[0057] Even if in the embodiment of the invention
shown in the attached figures the system comprises two
distinct foundations 3, between which the tension ele-
ment 5 spans (extends), according to a possible embod-
iment of the invention the tension element 5 can span
between at least two points 30, 31 of the same foundation
3.
[0058] As for example represented in the figures, at
least one tension element 5 extends preferably between
two points 30, 31 of at least one foundation 3 preferably
through the shortest path between the said two points.
In more detail, according to a preferred aspect the tension
element is extending between the two points 30, 31 of at
least one foundation following a straight line X between
the two points 30, 31 (see the example in figure 3). Ob-
viously, the tension element extending between the two
points 30, 31 of the foundation following the straight line
X connecting the two points 30, 31 (direction of the ex-
tension) can be curved, for example, downward (see for
example the cables represented in figure 3 extending
according to the straight line X connecting the points 30,
31 which are, however, curved downwards as compared
to the straight line X connecting the points 30, 31).
[0059] As previously mentioned, the at least one ten-
sion element 5 can have several shapes in order to sup-
port the pneumatic element 10. Preferably, the tension
element 5 is manufactured with a metallic material, or
any other material with an adequate resistance under
tension, such as the carbon fibre.
[0060] The said at least one tension element 5 com-
prises at least one cable or at least one bar, preferably
at least two cables or at least two bars, extending as said
between at least two points 30, 31 of the foundation 3.
[0061] It should be noted that the tension element 5
generally comprises an elongated body, preferably with
a reduced cross section, or with two smaller dimensions
as compared to the extension in length. The term bar is
used to describe an elongated body that, in contrast with
a cable, is not possible to roll-up. The reinforcing steel
bars with a circular cross section are an example of bars
usable as tension elements for the structural covering
system according to the invention. Clearly, the shape of
the cross section is not limited to the circular shape, such
as the circular reinforcing steel bars, and bars with a large
variety of cross sections can be used.
[0062] It should be noticed that the tension element 5,
and in particularly cables and bars, can have solid or
hollow sections, according to different possible ways of
manufacturing.
[0063] The use of the cable 5, preferably metallic, for
a tension element has the advantage that, by folding the
cable, it is possible to reduce the volume of the compo-
nent during the transport. It should be noted that the cable
can be manufactured by using a single wire or by com-
bining more wires in a strand.
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[0064] In any case, the cross section size and shape,
and the material of cables 5 and bars is designed in order
to resist to the forces to be transferred to the foundations.
In particular, cables and bars should resist to the weight
of the pneumatic element supported by the tension ele-
ment, the covering layer 2 placed at least partially above
the pneumatic element 10, and possible static and dy-
namic loads such as snow and wind estimated during
the design. Clearly, cables and bars 5 can also be com-
bined and used together in order to obtain the tension
element.
[0065] Moreover, it should be noted that cables and/or
bars can be manufactured in a single piece or can com-
prise multiple pieces connected each other in order to
achieve the required length to span between the two
points 30, 31 of at least one foundation 3. Adequate el-
ements, known in the technical field but not represented
in the attached figures, can be used to connect the parts
of said tension elements in order to reach the desired
length.
[0066] According to a preferred embodiment of the in-
vention, and as represented in the attached figures, the
system comprises at least two cables 5, or at least two
bars, preferably extending in a parallel way between at
least two points 30, 31 of the at least one foundation 3.
In particularly, in the embodiment of the invention repre-
sented there is a pair of cables 5 extending in a parallel
way and suitable to support the pneumatic element 10
arranged above said pair of cables. As described in detail
below, with reference to the pneumatic element 10, the
said pneumatic element comprises at least a surface 10e
oriented towards (facing) the ground and the tension el-
ement 5 is arranged between the surface 10e of the pneu-
matic element oriented towards the ground 4 and the
said ground 4, in such a way that it is able to support the
pneumatic element.
[0067] In the embodiment of the invention shown in the
figures, the pneumatic element 10 has a substantially
cylindrical shape tapered at its extremities. According to
an aspect of the invention, the pneumatic element 10 has
a circular cross section. The tension element 5, and in
particular the at least two tension elements 5 in the form
of cables or bars are preferably arranged in correspond-
ence of the surface 10e oriented towards the ground 4,
preferably in the portion of the circumference placed be-
low the horizontal diameter 10b of the circular cross sec-
tion.
[0068] In this way, the pneumatic element 10 is sup-
ported from below and its inflation allows the arrange-
ment at a distance of at least the upper portion of the
surface 10d, from the tension elements 5 and thus from
the ground 4. In this way, the covering layer 2, having at
least a portion placed in correspondence of the upper
portion 10d of the pneumatic element, can be arranged
at a distance from the at least one tension element 5.
[0069] In the embodiment of the invention represented
in the figures, where the tension element comprises two
cables 5 parallel to each other, said cables are substan-
tially arranged in a symmetric way with respect to the
vertical axis 10c, which is preferably the symmetric axis
of the pneumatic element considered in the transversal
section, see the section view represented in figure 4.
[0070] According to other possible embodiments of the
invention not represented in the attached figures, the at
least one tension element can be made of a woven or
knitted net extending between at least two points 30, 31
of the at least one foundation. In alternative, a set of ca-
bles parallel each other can be used in order to support
one or more pneumatic elements 10.
[0071] In addition, it should be noted that the tension
element 5 can be connected directly or indirectly to the
foundation 3. In the latter case, there could be at least
one connection element 3a arranged in between the
foundation 3 and the tension element 5, where said con-
nection element allows the connection between the said
two components 3 and 5.
[0072] In the lateral view represented in figure 5, which
describes a possible connection between the tension el-
ement 5 and the foundation 3, there are three connection
elements 3a projecting above the foundation 3 even
though the lateral view shows only one of said three el-
ements to which the at least one tension element 5 is
connected. In detail, three connection elements 3a, in
the form of beams, are arranged aligned to each other
and shifted in order to provide the space between two of
them for one of the two tension elements 5. According
to a possible embodiment of the invention, the structural
roofing system 1 according to the invention comprises
constraining means 15 which allow the rotation of the
tension element 5 around the foundation and/or the con-
nection element 3a which can be used in order to connect
the tension element to the foundation 3.
[0073] In detail, the constraining means 15 able to ro-
tate around one axis, allow the adjustment of the tension
element according to the forces transmitted by the pneu-
matic element avoiding the anomalous concentration of
unwanted stresses and the creation of unwanted shear
and bending forces in correspondence of connection be-
tween the tension element and the foundation 3.
[0074] According to a possible embodiment of the in-
vention, and as for example represented in figure 5, the
constraining means 15 which allow the rotation of the
tension element comprises at leas a pin 15a to which the
said tension element, and in particular the two tensioning
cables 5, is constrained. The pin 15a is in turn installed
in at least one housing 15b in which the said pin can
rotate within a certain range of angles. It should be no-
ticed that the constraining means 15, and in particular
the pin 15a, are used also in the embodiment of the in-
vention described in the figures 1 - 4, where the said
constraining means allow the connection directly to the
foundation 3.
[0075] It should be noted that the at least one housing
15b in which the pin is installed can be advantageously
realised directly in the foundation 3 or in correspondence
of the connection element 3a which, as said above, al-
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lows the direct connection of the tension element 5 to the
foundation 3.
[0076] Preferably, the constraining means 15 allow the
rotation of the tension element around an axis Y that is
substantially orthogonal to the direction X along which
the tension element 5 is extending between the points
30, 31 of the foundation. In the embodiment of the inven-
tion represented in the figures, the pin 15a is installed in
the housing 15b in such a way that the said pin is aligned
to the axis Y, which is substantially orthogonal to the di-
rection X of extension of the tension element 5.
[0077] Clearly, the constraining means 15 can be re-
alised in different ways as compared to that described
above, provided that the tension element is able to rotate
with respect to the foundation around at least one axis
and within a certain angle range.
[0078] The structural roofing system 1 according to the
present invention can comprise tensioning means 16
which can be used to control the length and level of ten-
sion in the tension elements 5. In other words, the tension
element 5 is extended between the at least two points
30, 31 of the foundation 3 and, at later stage, tensioned
by changing its length between the two points 30, 31.
The tensioning means 16 used to change the level of
tension in the tension element are represented only in a
schematic way in the lateral view of figure 3 and can
comprise threaded turnbuckles or other devices control-
led manually or by means of hydraulic actuators, which
can change the level of tension in the tension element
by reducing its length between the points 30, 31 between
which it spans.
[0079] Turning now to the pneumatic element 10 of the
roofing system 1, as already mentioned above, it is in-
terposed between the at least one tension element 5, on
which it is supported, and the covering layer 2.
[0080] In particular, the pneumatic element 10, when
it is at least partially inflated, separates the covering layer
from the tension element, which in turn supports the
pneumatic element 10. In other words, the pneumatic
element is arranged between the tension element 5 and
at least part of the covering layer 2. Advantageously, the
presence of the pneumatic element 10 between the cov-
ering layer 2 and the tension element 5 allows the ab-
sorption of vibrations and movements of the covering lay-
er and the distribution of the forces applied to the pneu-
matic element, so that the applied forces, instead of being
concentrated in small areas, are efficaciously distributed
along the entire length of the tension element 5.
[0081] Moreover, according to and advantageous as-
pect of the invention, in the embodiment of the invention
in which the covering layer is flexible, the level of inflation
of the pneumatic element, and thus the distance between
the at least part of the covering layer and the tension
element, allows the control of the shape assumed by the
said covering layer. More specifically, according to a pre-
ferred embodiment of the invention, the presence of the
pneumatic element allows to support the covering layer
and, at the same time, the control of the level of tension
of said covering layer in order to avoid the risk of water
ponding. Advantageously, according to the level of infla-
tion of the pneumatic element 10 it is possible to control
the distance between the covering layer, and in the case
the covering layer is flexible, it is possible to control the
shape and thus the level of tension of said covering layer.
[0082] The pneumatic element 10 comprises a body
intended to retain at least one gas under pressure, pref-
erably air. However, other gases can also be used such
as a mixture of carbon dioxide when the structural roofing
system 1 is used in application where it is not possible
to use of inflammable gases.
[0083] In addition, the structural roofing system 1 com-
prises means for varying the size of the pneumatic ele-
ment 10, i.e. means able to control the amount of gas
inside the said pneumatic element. These means, not
shown in the attached figures, can comprise blowers able
to supply the gas into the body to the pneumatic element
10 according to a controlling system which monitors the
difference between the required and the real pressure
due to leakages or changes in the temperature and in
the applied loads.
[0084] The body of the pneumatic element can be man-
ufactured with several materials such as a thin layer of
impermeable material designed to retain the gas inside
the said pneumatic element.
[0085] According to a possible embodiment of the in-
vention, as shown in the attached figures, the pneumatic
element 10 has an elongated shape in the direction X of
extension of the tension element 5.
[0086] In other words, the longitudinal axis Z of the
pneumatic element 10 is extending substantially parallel
to the direction X of extension of the tension element 5,
in other words substantially parallel to the straight line
which connects the two points 30, 31 of the foundation
3 between which the tension element is extending. Ac-
cording to an aspect of the invention, the pneumatic el-
ement 10 has a rectilinear longitudinal axis Z, as shown
in the attached figures. Preferably, the pneumatic ele-
ment 10 has the shape of an elongated linear element
designed to perform as a structural beam.
[0087] Clearly, it should be noticed that with the ex-
pression "longitudinal axis Z of the pneumatic element
10 is extending substantially parallel to the direction X of
extension of the tension element 5", herein adopted, also
include the embodiment wherein the longitudinal axis Z
corresponds to the direction X of extension of the tension
element 5.
[0088] According to a possible embodiment of the in-
vention, as shown in the attached figures, the pneumatic
element 10 lies on the tension element 5, preferably for
its entire length.
[0089] As described above and shown in the attached
figures, the pneumatic element 10 has at least one sub-
stantially circular cross section 10a (see the detailed view
in figure 4) and the tension element 5 is arranged under-
neath the horizontal diameter 10b of the circular cross
section 10a in order to support the pneumatic element
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5. The tension element 5 supports the pneumatic element
10 from underneath, with at least a portion of the pneu-
matic element lying on the tension element in such a way
that the pneumatic element can be supported by the ten-
sion element.
[0090] Preferably, the tension element 5 is arranged
in correspondence of the surface 10e of the pneumatic
element oriented towards the ground. In more detail, in
the embodiment of the invention shown in the transversal
section of the pneumatic element in figure 4, the two ten-
sion elements, and in particular the cables 5, support
from below the pneumatic element 10, being arranged
underneath the horizontal diameter 10b of the corre-
sponding circular cross section 10a.
[0091] In addition, as shown in figure 4, the two cables
5 are arranged in a symmetric way with respect to the
vertical diameter, or the vertical axis 10c of the section.
In this way, it is possible to advantageously support the
pneumatic element 10 avoiding any possible lateral
movement.
[0092] According to a possible embodiment of the in-
vention, not represented in the figures, means for con-
necting the pneumatic element 10 to the tension element
5 can be provided.
[0093] For example, the at least one tension element
5 can be inserted in a corresponding housing, pocket or
rings which can be integrated into the external surface
of the pneumatic element in order to firmly connect the
pneumatic element 10 and the tension element 5.
[0094] In general, the tension element 5 can support
the pneumatic element 10 in such a way that through its
inflation it is possible to control the distance between the
upper portion 10d of said pneumatic element and the
tension element 5, in order to support the covering layer
placed above the pneumatic element.
[0095] In particular, the covering layer 2 is at least in
part placed above the pneumatic element of the structural
roofing system 1 according to the invention. In this way
the covering layer can be supported and the applied loads
can be efficaciously transferred from the pneumatic ele-
ment 10 to the tension element 5 and, finally, to the foun-
dations 3.
[0096] It should be noted that expression covering lay-
er 2 is used to indicate elements known in the building
industry suitable for the realization of roofing arrange-
ments such as a wide range of roofing panels and other
flat or corrugated elements which are arranged above
the at least one pneumatic element 10. The pneumatic
element 10 keeps them at a distance from the tension
element 5 in such a way that the tension element can
support said panels in an indirect way by placing the at
least one pneumatic element in between.
[0097] In addition, according to a preferred aspect of
the present invention the covering layer is flexible. This
expression means that the covering layer 2 can be folded
and, more generally, deformed in order to fit the support
provided by the pneumatic element 10.
[0098] The flexible covering layer can be obtained
through the assembly, by gluing, welding or sewing, of
portions of flat surfaces obtained from sheets or rolls of
flexible materials according to specific cutting patterns.
[0099] In more detail, the flexible covering layer 2 can
comprise at least one cloth realised with a flexible mate-
rial such as a plastic material, or a covering layer obtained
from several rigid surfaces connected to be movable one
with respect to another. For example, it is possible a so-
lution wherein rigid portions which are able to rotate, for
example with a joint designed to allows the mutual rota-
tion of the portions, for example by using one or more
hinges. The said solution provide a covering layer with a
flexible behaviour which is able to modify its shape
through the at least one pneumatic element that is at
least partially arranged underneath the said covering lay-
er.
[0100] According to a possible embodiment of the in-
vention, the covering layer 2 can comprise a reinforcing
element such as a set of cables, ropes or belts, or a net
obtained from said cables, ropes or belts and designed
to support the cloth or the rigid panels forming the cov-
ering layer.
[0101] According to a preferred embodiment of the in-
vention, the covering layer 2 comprises at least one cloth
realised with a flexible material, for example a cloth re-
alised with a plastic material, preferably an impermeable
plastic material.
[0102] Advantageously, as introduced above, the cov-
ering layer is at least partially arranged above the at least
one pneumatic element 10 which allows to keep the cov-
ering layer at distance from the tension elements 5, in
addition the inflation of the pneumatic elements 10 allows
the control of the shape assumed by the flexible cloth.
[0103] In more detail, the shape of the covering layer
is controlled through the pneumatic element and, in par-
ticular, by changing the level of tension in the covering
layer in order to avoid deflections or local deformations
which reduce the volume underneath the covering layer
and lead to water ponding above the covering layer.
[0104] In more detail, as it should be clear at this stage
of the description, the modification of the distance of the
upper portion 10d of the at least one pneumatic element
10 from the at least one tension element 5 allows the
tensioning of the flexible covering layer. In addition,
through the pneumatic element it is possible to control
the curvature of the covering layer 2, preferably in order
to obtain at least one portion of the covering layer with a
concavity oriented downwards and, thus, towards the ar-
ea or the structure which has to be covered.
[0105] Preferably, the covering layer 2 is anchored to
at least one fixed point and/or directly to the ground 4, in
such a way that the inflation of the at least one pneumatic
element 10, arranged underneath the said covering layer,
allows the increase of the volume underneath and, thus,
the control of the shape assumed by the covering layer
according to the desired way. In particular, in this way
the covering layer can be tensioned in a rapid and simple
way. The term fixed point indicates at least one anchor-
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age point for the covering layer which, preferably, does
not move when the pneumatic element 10 is inflated in
order to tension the covering layer. The at least one fixed
point for the anchorage of the covering layer can be, for
example, integrated into the structure to be covered or
into the foundation 3, or directly into the ground 4.
[0106] According to a possible embodiment of the in-
vention the covering layer 2, and in particular the flexible
cloth, can be connected to the ground (or to at least one
fixed point) through metallic rings, or similar anchoring
means, which, as said above, are designed to cooperate
with adequate fixed points designed and installed accord-
ing to the building requirements.
[0107] According to a possible embodiment of the in-
vention, the length of the anchoring means of the cover-
ing layer can be changed in order to allow the further
adjustment of the level of tension into the covering layer.
[0108] According to a possible embodiment of the in-
vention the anchoring means of the covering layer to the
ground and/or to a fixed point are arranged substantially
in correspondence of the boundary of the covering layer
2, preferably with a predetermined distance between
them.
[0109] According to an aspect of the present invention,
even if not represented in the attached figures, the cov-
ering layer 2 is longer than the pneumatic element 10 in
the direction X of extension of the tension element 5 be-
tween the at least two points 30, 31 of the foundation 3.
In other words, the covering layer 2 has a length greater
than the length of the pneumatic element 10, along the
longitudinal axis Z, in such a way that the said covering
layer can extend beyond the extremities of the pneumatic
element.
[0110] In this way, it is possible to optimise the anchor-
ing of the covering layer 2 to the ground 4 and/or to at
least one fixed point. Obviously, as for example shown
in figure 1, the covering layer 2 can extend laterally as
compared to the at least one pneumatic element 10, and
hence according to a direction perpendicular to the lon-
gitudinal axis Z, in order to allow the efficacious cover of
the area underneath 50 and improving the anchoring of
the covering layer 2 to the ground 4 and/or to at least one
fixed point.
[0111] It should be noted that, for reasons of represen-
tation, the anchoring means of the covering layer to the
ground and/or to a fixed point are not shown in the at-
tached figures.
[0112] The present invention also relates to a method
for the construction of roofing arrangements through the
at least one structural roofing system 1 described above.
The method comprises the step of providing of at least
one foundation 3 which, as said above, is suitable to
transmit the forces of the structural system to the ground,
the step of constraining to the at least two points of the
at least one foundation 3 at least one tension element 5,
the step of supporting the at least one pneumatic element
10 through at least one tension element 5. According to
an aspect of the method, the at least one tension element
5 supports the pneumatic element 10 and at least one
portion of the pneumatic element lies on said tension
element.
[0113] In this way, the pneumatic element 10 and the
covering layer 2 are at certain distance from the ground
4 and/or from the area underneath 50 covered by the
structural system 1.
[0114] According to an aspect of the present invention,
the step of supporting the pneumatic element trough the
tension element can require that the pneumatic element
10 is arranged with the longitudinal axis Z oriented sub-
stantially parallel to the straight line which connects the
at least two points 30, 31 of the foundation 3 between
which the tension element extends.
[0115] In more detail, as said with reference to the
structural roofing system 1, a pneumatic element 10 is
arranged above the at least one tension element 5 in
order to support the said pneumatic element. According
to an aspect of the method according to the invention,
this step requires that the tension element 5 is con-
strained between two points 30, 31 of at least one foun-
dation 3 and suspended above the ground 4 and/or the
area underneath 50 covered by the structural system 1.
[0116] The method further comprises the step of plac-
ing the covering layer 2 with at least a portion above one
of the pneumatic elements 10 in such a way that the said
covering layer 2 is supported by the pneumatic element.
This step is carried out using known means able to supply
at least one gas into the body of the pneumatic element.
The means for varying the size of the pneumatic element
10 can be used in a continuous way in presence of a
pneumatic element which is not completely airtight. Oth-
erwise, the said means can be used to maintain constant
the level of pressure inside the pneumatic element in
case of potential leakages or variations due to different
environmental conditions.
[0117] In addition, the method comprises the step of
inflating the pneumatic element in order to keep at dis-
tance the covering layer from the tension element
through the pneumatic element 10, which is arranged in
between.
[0118] It should be noted that the steps of the method
described above do not need to be carried out in the order
in which they are described.
[0119] In particular, it should be noticed that the step
of inflating the pneumatic element 10 can be carried out
before the arrangement of the covering layer 2 above the
said pneumatic element, or before the placement of the
pneumatic element above the tension element.
[0120] Moreover, according to a possible embodiment
of the invention, the covering layer can be arranged
above the tension elements 5 and subsequently the
pneumatic element, preferably deflated, is inserted in be-
tween and then inflated.
[0121] Despite this, according to a preferred embodi-
ment of the invention, the step of inflating the pneumatic
element 10 is carried out when the pneumatic element
is supported by the tension element 5, with at least one
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portion arranged above the tension element and after
that the covering layer 2 is placed, with at least a portion
of said covering layer, above the pneumatic element 10.
[0122] In this way it is possible to simplify the construc-
tion of the covering, in fact, the pneumatic element can
be transported in the deflated configuration and easily
placed on the tension element 5, which is constrained to
the foundation 3. Subsequently, the covering layer 2 is
arranged above the at least one pneumatic element 10
which is inflated in order to control the distance of the
covering layer from the tension element 5, so as to sup-
port the covering layer 2.
[0123] In addition, as said above, according to a pre-
ferred embodiment of the invention where the covering
layer is flexible, the inflation of the pneumatic element 10
allows the control of the shape assumed by the covering
layer and the level of tension applied to the said covering
layer.
[0124] In fact, the method according to the invention
comprises the step of anchoring the covering layer to at
least one fixed point, or to the ground 4. Preferably, this
step is carried out before the inflation of the pneumatic
element 10 in such a way that through the successive
inflation of the at least one pneumatic element, it is pos-
sible to control the distance between the covering layer
2 and the tension element 5 in order to control the shape
of the flexible covering layer.
[0125] In fact, the flexible covering layer is anchored
to at least one fixed point and is advantageously ten-
sioned through the pneumatic elements 10 which are in-
flated underneath the covering layer.
[0126] Obviously, the size of the at least one pneumatic
element 10, and thus the level of inflation, allows the ad-
vantageous control of the shape assumed by the flexible
covering layer and the level of tension applied.
[0127] The structural roofing system 1 according to the
present invention can be subjected to some changes
without departing from the scope of the present invention.
[0128] For example, the number of pneumatic ele-
ments, tension elements and the foundations to which
they are constrained, can be modified according to the
size of the structure that has to be covered.
[0129] In particular, even if in the prospective view of
figure 1 three pneumatic elements 1 are shown, this
number should not be assumed as a limitation of the pos-
sible uses.
[0130] In addition, according to a possible embodiment
of the invention, the covering layer can be provided with
specific heating devices able to prevent the accumulation
of snow or ice on the said covering layer in certain envi-
ronmental conditions.
[0131] In order to reduce the level of mechanical stress
applied to the covering layer and the tension elements,
a possible embodiment of the invention can include the
inflation of the entire volume enclosed by the structural
roofing structure in order to counter balance at least in
part the loads applied to the said structural roofing struc-
ture.
Claims
1. Structural roofing system (1) for covering an under-
neath area (50) comprising at least one foundation
(3) to transmit the loads of said structural roofing
system to the ground (4), at least one tension ele-
ment (5) extending between at least two points (30,
31) of said at least one foundation (3), at least one
pneumatic element (10) supported by said at least
one tension element (5) with at least one portion of
said pneumatic element lying on said at least one
tension element (5), and at least one covering layer
(2) having at least a portion located above said at
least one pneumatic element (10) and supported by
said at least one pneumatic element (10), wherein
said at least one pneumatic element (10) keeps at
distance at least part of said covering layer (2) from
said at least one tension element (5), when said at
least one pneumatic element is at least partially in-
flated.
2. Structural roofing system according to claim 1,
wherein said at least one pneumatic element (10) is
provided with an elongated shape in the direction of
extension (X) of said at least one tension element
(5) between said at least two points (30, 31) of said
at least one foundation (3).
3. Structural roofing system according to claim 1 or 2,
wherein said at least one pneumatic element (10) is
provided with a longitudinal axis (Z) extending sub-
stantially parallel to the straight line which connects
said at least two points (30, 31) of said at least one
foundation (3) between which said tension element
(5) extends.
4. Structural roofing system according to any previous
claim, wherein said tension element (5) is con-
strained between at least two points (30, 31) of said
at least one foundation (3) suspended with respect
to the ground (4) and/or with respect to the under-
neath area (50) covered by the structural roofing sys-
tem (1).
5. Structural roofing system according to any previous
claim, wherein said at least one tension element (5)
comprises at least one cable or at least one bar, ex-
tending between at least two points of said at least
one foundation (3).
6. Structural roofing system according to any previous
claim, wherein said at least one tension element (5)
comprises at least two cables or at least two bars,
extending parallel to each other between at least two
points (30, 31) of said at least one foundation (3).
7. Structural roofing system according to any previous
claim, wherein said at least one tension element (5)
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is constrained, directly or in directly, to said at least
one foundation (3) by constraining means (15) al-
lowing the rotation of said at least one tension ele-
ment (5) with respect to said at least one foundation
(3).
8. Structural roofing system according to any previous
claim, wherein said at least one pneumatic element
(10) comprises at least one substantially circular
cross section (10a) and said at least one tension
element (5) is located below said horizontal diameter
(10b) of said circular cross section (10a) for support-
ing said at least one pneumatic element (5).
9. Structural roofing system according to any previous
claim, wherein said covering layer (2) is flexible, said
at least one pneumatic element (10) modifying at
least partially the shape of said flexible covering lay-
er, when said at least one pneumatic element is at
least in part inflated.
10. Structural roofing system according to any previous
claim, wherein said covering layer (2) comprises at
least one cloth of flexible material.
11. Structural roofing system according to claim 9 or 10,
wherein said flexible covering layer (2) is anchored
to at least one fixed point and/or to the ground (4).
12. Structural roofing system according to any previous
claim, characterized in comprising means for var-
ying the size of said at least one pneumatic element
(10) by changing the amount of gas present therein.
13. Method for the construction of roofing arrangements
by at least a structural roofing system (1) according
to any claim 1 to 12, characterized by comprising
the steps of:
• providing at least one foundation (3) to transmit
loads of said structural roofing system to the
ground (4);
• constraining at least one tension element (5)
between at least two points (30, 31) of said at
least one foundation (3);
• supporting said at least one pneumatic element
(10) by said at least one tension element (5) with
at least one portion of said pneumatic element
lying on said at least one tension element (5);
• placing said covering layer (2) with at least a
portion thereof above said at least one pneu-
matic element (10);
• inflating said at least one pneumatic element
(10) for spacing said covering layer (2) from said
at least one tension element (5) by means of
said at least one pneumatic element (10).
14. Method according to claim 13, wherein the step of
inflating said at least one pneumatic element (10) is
performed when said at least one pneumatic element
(10) is supported by said at least one tension element
(5) and after that said covering layer (2) is arranged
with at least a portion above the at least one pneu-
matic element (10).
15. Method according to claim 13 or 14, comprising the
step of anchoring to at least one fixed point and/or
to the ground (4), said covering layer before perform-
ing the step of inflating said at least one pneumatic
element (10).
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